Introduction {#s1}
============

Congenital uterine anomalies result from abnormal formation, fusion or resorption of the Müllerian ducts during fetal life ([@DMR028C82]). These anomalies have been associated with an increased rate of miscarriage, preterm delivery and other adverse fetal outcomes ([@DMR028C50]; [@DMR028C103]; [@DMR028C1]; [@DMR028C99]; [@DMR028C51]; [@DMR028C126]).

However, such associations might be artefactual. The true population prevalence of congenital uterine anomalies is difficult to assess partly because there are no universally agreed standardized classification systems and partly because the best diagnostic techniques are invasive and, therefore, rarely applied to low-risk study populations. As a result, reported population prevalence rates have varied between 0.06% and 38% ([@DMR028C115]; [@DMR028C75], [@DMR028C76]; [@DMR028C28]; [@DMR028C2]; [@DMR028C60]; [@DMR028C52], [@DMR028C53]). This wide variation is likely to be linked to the assessment of different patient populations and the use of different diagnostic techniques with variable, and yet to be determined, test accuracy as well as reliance on non-standardized classification systems. Previous reviews have not considered these factors when investigating the prevalence of uterine anomalies ([@DMR028C3]; [@DMR028C84]; [@DMR028C51]; [@DMR028C127]). [@DMR028C108] carried out a critical review to determine the prevalence of congenital uterine anomalies. Their review has assessed the accuracy of different diagnostic procedures, but their search was limited to MEDLINE database and specifically limited to recurrent miscarriage, infertile and general population groups.

We conducted a systematic review of studies evaluating the prevalence of congenital uterine anomalies in the unselected population and in women with a history of infertility, including those undergoing IVF treatment, miscarriage, infertility and recurrent miscarriage combined, and preterm delivery and attempted to explore the inconsistencies present in the literature. This new systematic review is not only an update of the work by [@DMR028C108] but also represents a different approach to the classification of optimal and suboptimal tests.

Methods {#s2}
=======

Search strategy {#s2a}
---------------

Articles were identified through the following electronic databases: MEDLINE (1950 to March 2011), EMBASE (1980 to March 2011), Web of Science (1990 to March 2011) and the Cochrane Central Register of Controlled Trials (The Cochrane Library until January 2011). A combination of Medical Subject Headings (MeSH) and text words were used to generate the list of citations (Table [I](#DMR028TB1){ref-type="table"}). In addition, the reference lists of all relevant primary studies and review articles were manually searched to identify additional cited articles not captured by the electronic searches. Authors were contacted for additional details where required. The searches were conducted independently by two reviewers (Y.Y.C. and K.J.). Table ISearch terms (Unless otherwise stated, search terms were free text terms; mp, term appears in title, original title, abstract, name of substance word, subject heading word; \$, any character).Search termsSearch termsUterine anomal\$.mpUnicornuate.mpUterine abnormalit\$.mpBicornuate.mpMüllerian anoaml\$.mpArcuate uter\$.mpMüllerian abnormalit\$.mpSeptate\$ uter\$.mpUter\$ agenesis.mpSubseptate\$ uter\$.mpUter\$ hypoplasia.mpSubseptate\$ uter\$.mpBifid uter\$.mpT shape\$ uter\$.mpDidelphys.mpT-shape\$ uter\$.mpDidelphus.mp

The search terms in Table [I](#DMR028TB1){ref-type="table"} were designed specifically for MEDLINE. This search was modified for EMBASE, Web of Science and the Cochrane Library.

Selection criteria {#s2b}
------------------

Studies were selected if the incidence of any uterine anomaly was reported. Studies of all types of congenital uterine anomalies were included but limited to 'Humans and Female'. Only cohort studies were included in the review. Studies were excluded when the population examined or the diagnostic methods used were not accurately defined. Only publications in English were considered in our selection.

The classification system for uterine anomalies was adapted from [@DMR028C125]. The arcuate uterus is an anomaly where the uterine fundus displays a mild concave indentation or contour towards the uterine cavity ([@DMR028C125]; [@DMR028C106]). Many authors consider the arcuate uterus a normal variant rather than a true anatomical or developmental anomaly ([@DMR028C58]; [@DMR028C22]), but this can only be properly evaluated if the true prevalence of the anomaly can be defined and appropriate associations with relevant outcome measures assessed. Neither can be assessed in the absence of an accurate test to identify the anomaly and differentiate it from more complex uterine anomalies and the normal uterus. In view of this, studies that failed to identify or record any arcuate uteri were excluded from the subtype analysis as we were unable to determine if these studies excluded arcuate uteri or if they failed to identify them because of the inaccuracy of the diagnostic tests employed.

Study selection {#s2c}
---------------

Studies were selected in a two-stage process. First, the titles and abstracts from the electronic searches were examined independently by two reviewers (Y.Y.C. and K.J.) and full manuscripts of all citations that met the predefined selection criteria were then obtained. Secondly, examinations of the full manuscripts were carried out to make final inclusion or exclusion decisions. In cases of duplicates, the most recent or the most complete publication was used. Any disagreements about inclusion were resolved by consensus or arbitration by a third reviewer (N.R.-F.).

All selected papers were assessed for the following: study design; adequate sampling (random or consecutive rather than convenience sampling); adequate description of population characteristics; completeness of information in the data sets; and use of a validated diagnostic method.

Data collection and extraction {#s2d}
------------------------------

Data collection and extraction were performed by the two reviewers (Y.Y.C. and K.J.) independently. Data were extracted on patients' characteristics, study quality, inclusion and exclusion criteria, diagnostic tools used and anomaly occurrence rates.

In assessing the prevalence of congenital uterine anomalies, investigators have used different diagnostic methods, some of which may be more accurate or reliable than others. In view of this, we grouped the studies into two classes according to the diagnostic accuracy of the methods used based on evidence from other studies ([@DMR028C110]; [@DMR028C108]; [@DMR028C88]). Diagnostic methods that were accepted as 'optimal diagnostic tests' included three-dimensional transvaginal ultrasound, laparoscopy or laparotomy performed in conjunction with hysteroscopy or hysterosalpingography (HSG), magnetic resonance imaging (MRI) and saline sonohysterography. Suboptimal tests, which could identify and differentiate most but not all anomalies, included two-dimensional transvaginal ultrasound, hysteroscopy performed in isolation, HSG and clinical assessment at the time of Caesarean section. We devised this classification based on the ability of the test to demonstrate both the external contour of the uterus and the fundal aspect of the endometrial cavity.

Statistical analysis {#s2e}
--------------------

Meta-analyses were performed to establish the prevalence of uterine anomalies, and their subtypes, in each group of women. For meta-analyses, log rates were pooled, weighting each study by the inverse of its variance, and the summary estimates were exponentiated. A random-effects model was used for analysis. Comparisons between the unselected population and the high-risk populations were carried out with the aid of meta-regression. Statistical analyses were performed using Stata 11.0 statistical software (Stata Corp, TX, USA).

Results {#s3}
=======

All uterine anomalies {#s3a}
---------------------

The search yielded 6266 citations; of which, 1413 duplicates were excluded (Fig. [1](#DMR028F1){ref-type="fig"}). Another 4306 were excluded, as it was clear from the title and abstract that they did not fulfil the selection criteria. Full manuscripts were obtained for the remaining 547 articles from which, following scrutiny of each article, we identified 91 potentially relevant studies. Three additional studies, identified from manual searches, were also included resulting in 94 studies comprising 89 861 women ([Supplementary data](http://humupd.oxfordjournals.org/cgi/content/full/dmr028/DC1), [Table SI](http://humupd.oxfordjournals.org/cgi/content/full/dmr028/DC1)). Figure 1The study selection process for the systematic review on the prevalence of uterine anomalies in unselected and high-risk populations.

Studies were grouped according to the characteristics of the different patient population, namely unselected or general population, infertility, miscarriage, infertility and recurrent miscarriage combined, and preterm delivery. However, no appropriate study investigating the prevalence of uterine anomalies in women with preterm deliveries was available.

Out of the 94 studies included, 59 were prospective, 26 retrospective and 9 did not define this aspect of study design. Seventy-nine studies had consecutive or random patient recruitment. Forty-one out of 94 (44%) studies used optimal diagnostic tests. Pooled prevalence rates for all uterine anomalies and various subgroups are shown in Table [II](#DMR028TB2){ref-type="table"}. Table IIThe prevalence of uterine anomalies in different study populations stratified by the accuracy of the diagnostic test used to identify and define them.PopulationDiagnostic testNumber of studiesNumber of subjectsPrevalence of all anomalies % (95% CI)Arcuate % (95% CI)Canalization defects % (95% CI)Unification defectsOthers % (95% CI)Bicornuate % (95% CI)Unicornuate % (95% CI)Didelphys % (95% CI)UnselectedOptimal951635.5 (3.5--8.5)3.9 (2.1--7.1)2.3 (1.8--2.9)0.4 (0.2--0.6)0.1 (0.1--0.3)0.3 (0.1--0.6)0.1 (0--2.2)Suboptimal1352 5904.6 (2.3--9.1)2.2 (0.9--5.2)0.2 (0--0.9)0.2 (0--0.7)0.2 (0.1--0.5)0.1 (0.1--0.2)2.5 (1.6--3.7)InfertilityOptimal1910 3038.0 (5.3--12.0)1.8 (0.8--4.1)3.0 (1.3--6.7)1.1 (0.6--2.0)\*0.5 (0.3--0.8)\*0.3 (0.2--0.5)0.9 (0.4--1.8)Suboptimal2986436.1 (3.9--9.5)5.8 (3.4--10.1)2.7 (1.5--4.6)\*0.8 (0.5--1.4)0.8 (0.5--1.2)0.4 (0.2--0.9)1.0 (0.4--2.4)MiscarriageOptimal6208213.3 (8.9--20)\*2.9 (0.9--9.6)5.3 (1.7--16.8)\*2.1 (1.4--3)\*0.5 (0.3--1.1)\*0.6 (0.3--1.4)0.9 (0.1--12.6)Suboptimal21396115.8 (11.9-- 20.9)\*8.9 (6.4--12.4)\*4.3 (2.3--8.2)\*2.8 (1.6--5)\*0.5 (0.3--0.9)0.6 (0.2--1.6)4.5 (2--9.8)\*Mixed infertility and recurrent miscarriageOptimal9705324.5 (18.3--32.8)\*6.6 (2.8--15.7)15.4 (12.5--19)\*4.7 (2.9--7.6)\*3.1 (2--4.7)\*2.1 (1.4--3.2)\*0.3 (0--2.3)Suboptimal16631.8 (20.7--48.8)No study foundNone diagnosedNone diagnosed4.5 (1.5--14.1)None diagnosed27.3 (17.2--43.3)\*[^1][^2][^3][^4][^5][^6]

Overall, 5.5% \[95% confidence interval (CI), 3.5--8.5\] of the unselected population were shown to have a uterine anomaly diagnosed by an optimal test. The prevalence was not increased in women with infertility (8.0%; 95% CI, 5.3--12.0, *P =*0.239) when compared with the unselected population. Women with a history of miscarriage (13.3%; 95% CI, 8.9--20; *P =*0.011) and miscarriage in association with infertility (24.5%; 95% CI, 18.3--32.8; *P \<*0.001) were all shown to have significantly higher rates of uterine anomalies than the unselected population. The prevalence of congenital uterine anomalies diagnosed by optimal tests in women with two or more miscarriages (10.9%; 95% CI, 3.6--33.3) was not significantly different (*P =*0.572) from those with three or more miscarriages (15.4%; 95% CI, 10.3--23). The prevalence of all uterine anomalies in various populations diagnosed by suboptimal tests was found to be consistent with those diagnosed by optimal tests.

Arcuate uteri {#s3b}
-------------

Arcuate uteri are common in the unselected population affecting 3.9% (95% CI, 2.1--7.1) of all women. Their prevalence, as diagnosed by an optimal test, is not increased in infertile women (1.8%; 95% CI, 0.8--4.1) or in women with a history of miscarriage (2.9%; 95% CI, 0.9--9.6) when compared with the unselected population.

Suboptimal tests gave a prevalence for arcuate uteri of 2.2% (95% CI, 0.9--5.2) in the unselected population. The prevalence rates for anomalies diagnosed by suboptimal tests were inconsistent with the findings of the optimal tests, with a higher prevalence of arcuate uteri in women with miscarriage (8.9%; 95% CI, 6.4--12.4, *P =*0.019) when the former were used.

Canalization defects {#s3c}
--------------------

Canalization defects, namely subseptate or septate uteri, have a prevalence of 2.3% (95% CI, 1.8--2.9) in the unselected population when optimal tests are used to define their presence. They are no more prevalent in women with infertility in general (3.0%; 95% CI, 1.3--6.7, *P =*0.422) compared with the unselected population. Canalization defects are, however, significantly more common in women with miscarriage (5.3%; 95% CI, 1.7--16.8, *P =*0.021), especially if this is combined with a history of infertility (15.4%; 95% CI, 12.5--19, *P \<*0.001).

Suboptimal tests gave a prevalence for canalization defects of 0.2% (95% CI, 0--0.9) of women in the unselected population; a 10-fold reduction in prevalence compared with the rates with optimal tests (*P =*0.001). The prevalence of canalization defects in various high-risk populations diagnosed by suboptimal tests was consistent with those diagnosed by optimal tests.

Unification defects {#s3d}
-------------------

Unification defects include bicornuate, unicornuate and didelphic uteri. Bicornuate uteri, which are uncommon in the unselected population (0.4%; 95% CI, 0.2--0.6), are significantly more prevalent in women with infertility (1.1%; 95% CI, 0.6--2.0, *P =*0.032) and those with miscarriage (2.1%; 95% CI, 1.4--3, *P \<*0.001), particularly if these coexist (4.7%; 95% CI, 2.9--7.6, *P \<*0.001).

Overall, 0.1% (95% CI, 0.1--0.3) of the unselected population had a unicornuate uterus diagnosed by an optimal test. However, unicornuate uterus is significantly more common in women with a history of miscarriage (0.5%; 95% CI, 0.3--1.1; *P =*0.025), miscarriage in association with infertility (3.1%; 95% CI, 2--4.7; *P \<*0.001) and infertility (0.5%; 95% CI, 0.3--0.8, *P =*0.01) when compared with the unselected population. The prevalence of uterus didelphys was 0.3% (95% CI, 0.1--0.6) in the unselected population. This anomaly is no more prevalent in women with infertility (0.3%; 95% CI, 0.2--0.5), or in women with a history of miscarriage (0.6%; 95% CI, 0.3--1.4), but is significantly more common in infertile women with miscarriage (2.1%; 95% CI, 1.4--3.2, *P \<*0.001).

Overall, the prevalence of unification defects in various populations diagnosed by suboptimal tests is consistent with those diagnosed by optimal tests.

Discussion {#s4}
==========

Our systematic review evaluated the prevalence of uterine abnormalities in the general 'unselected' population and in various high-risk groups stratified according to the diagnostic accuracy of the tests used to identify and define the anomaly. The review is not only an update of the work by [@DMR028C108] but also represents a different perspective on the classification of optimal and suboptimal tests. In our review, optimal tests are investigations that are capable of accurately identifying and classifying congenital uterine anomalies accurately while suboptimal tests can identify and differentiate most but not all anomalies. In addition, the review by [@DMR028C108] has not described the literature search and the study selection in detail. They have also limited their search to mainly MEDLINE database and some relevant articles are likely to be missed. Our comprehensive search and study selection using multiple databases have captured most, if not all relevant articles. Therefore, more papers were found for this review compared with [@DMR028C108]. We have also prospectively subclassified infertility by separating women who have infertility only and those who have combined infertility and miscarriage. It is important to subclassify infertility into these groups as they are likely to have clinically distinct problems, as described below.

Principal findings {#s4a}
------------------

In our review, we found that the prevalence of all congenital uterine anomalies diagnosed by optimal tests in the unselected population was 5.5%. This appears to be increased in women with a history of miscarriage and those who have combined infertility and miscarriage. Subgroup analyses showed that the specific anomalies, which are increased in these high-risk populations, are mainly canalization defects, namely subseptate or septate uteri, and unification defects.

Weaknesses of our review {#s4b}
------------------------

Our review is limited by the retrospective nature of the analysis and heterogeneity of the patient population and diagnostic tests applied. We were unable to obtain all relevant clinical information for all of the women studied. We included all studies that met the selection criteria but did not exclude studies because of inadequate quality. We have found that several analyses showed statistically significant heterogeneity, which is most likely due to different patient populations, varied diagnostic tests and classification systems used.

There was clearly a lack of uniformity with the classification of uterine anomalies in the studies included. The most commonly used classification system is the one devised by the American Fertility Society in 1988, but this does not specify the diagnostic methods that should be used and the final diagnosis is based on the subjective impression of the clinician performing the test ([@DMR028C137]).

Strengths of our review {#s4c}
-----------------------

The strengths of our systematic review include its extensive electronic search using multiple databases and manual search approach. We attempted to address the problem of clinical heterogeneity by analysing different patient populations separately and by analysing the two groups of diagnostic tests used as suboptimal or optimal. We also consider our classification of which tests offer an optimal diagnosis and differentiation of uterine anomalies is more robust and relevant than the one used by [@DMR028C108].

Diagnostic tests {#s4d}
----------------

In general, our review is in agreement with the findings by [@DMR028C108]. An important difference is, however, an overall lower prevalence of all anomalies in our review. This may reflect our different viewpoints on what constitutes an optimal diagnostic test for the identification and differentiation of uterine anomalies. We believe that two-dimensional transvaginal ultrasound, hysteroscopy and HSG are suboptimal in this respect, as they all have a tendency to misclassify uterine abnormalities owing to their poorer accuracy when used as diagnostic tests in isolation ([@DMR028C63]; [@DMR028C138]; [@DMR028C18]; [@DMR028C8]; [@DMR028C52], [@DMR028C53]; [@DMR028C81]). This is particularly true of the more minor abnormalities, such as the arcuate and subseptate uteri, which may be missed or incorrectly classified. Most of these tests do not allow evaluation of the external contour of the uterus and are, therefore, unable to reliably differentiate a septate uterus from one that is subseptate or bicornuate. These suboptimal tests, however, are likely to perform better when major uterine anomalies are considered as these are more readily evident and theoretically, at least, easier to differentiate from one another with the exception of the more complex anomalies that involve the cervix and non-communicating corpora.

It is surprising, therefore, that our systematic review showed that prevalence of uterine anomalies in various populations is similar regardless of whether an optimal or suboptimal test was used. In contrast, [@DMR028C108] reported significant differences in the prevalence of all uterine anomalies according to the purported accuracy of the diagnostic test. Their systematic review and meta-analysis considered hysteroscopy alone as an accurate test while MRI has unclear diagnostic accuracy. Hysteroscopy does not allow evaluation of the external contour of the uterus and, therefore, we considered hysteroscopy as a suboptimal test. In our opinion, MRI is an optimal test that allows a simultaneous assessment of the cavity and fundus of the uterus. MRI has been reported to have a high accuracy rate in diagnosing congenital uterine anomalies ([@DMR028C90]; [@DMR028C43]; [@DMR028C88]; [@DMR028C14]). MRI can also be used to extend the examination to the abdomen, which is potentially important because of the increased frequency of renal anomalies in patients with uterine anomalies ([@DMR028C44]; [@DMR028C72]; [@DMR028C9]).

Women with preterm delivery {#s4e}
---------------------------

Preterm labour has many aetiologies, but congenital anomalies have been suggested as one potential cause. Putative mechanisms include cervical incompetence ([@DMR028C4]), abnormal uterine contractions ([@DMR028C32]) and reduced uterine volume ([@DMR028C101]; [@DMR028C90]; [@DMR028C18]; [@DMR028C95]). Unfortunately, despite these links, no appropriate studies investigating the prevalence of uterine anomalies in women with preterm delivery were identified in the search.

The unselected or general population {#s4f}
------------------------------------

In our review, the prevalence of all congenital uterine anomalies diagnosed by optimal tests in the unselected population was 5.5%. This is higher than reported in many reviews, which suggested a rate of 0.17--4.3% ([@DMR028C115]; [@DMR028C99]; [@DMR028C84]; [@DMR028C60]; [@DMR028C51]) but lower than the recent systematic review by [@DMR028C108], which suggested that 6.7% of all women have a uterine anomaly ([@DMR028C108]). These differences, as discussed above, are likely to reflect the different diagnostic tests used and varied clinical backgrounds in the different study populations.

The most common uterine anomaly diagnosed in the unselected population is the arcuate uterus (3.9%), followed by the canalization defects (2.3%) and then the bicornuate uterus (0.4%). This is not consistent with the findings from other studies or reviews, which have generally found canalization defects to be the most common ([@DMR028C85]; [@DMR028C115]; [@DMR028C3]; [@DMR028C99]; [@DMR028C60]; [@DMR028C51]). This discrepancy is again likely to reflect the lack of a uniform system for classification and possibly the misclassification of some arcuate uteri as normal or small subseptate uteri.

Assessing the prevalence of congenital uterine anomalies in the unselected population is difficult. Many anomalies remain asymptomatic and investigations are not warranted without specific indication. In our review, we have included patients undergoing sterilization (laparoscopically or hysteroscopically) and those being investigated for non-obstetric or fertility problems, such as pelvic pain, abnormal bleeding, ovarian cancer screening and suspected pelvic pathology. Our results should, therefore, reflect the prevalence of uterine anomalies in the fertile and general population combined, but the background and various presentations may affect the results. To the best of our knowledge, no studies have assessed a truly unselected population where subjects are recruited randomly from the general public as opposed to those undergoing medical assessment.

The infertile population {#s4g}
------------------------

The effect of uterine anomalies on fertility is unclear, as are the pathophysiological processes underlying any potential detrimental effect. In our systematic review, the infertile population included women with both primary and secondary infertility. We found that women with infertility had a similar rate of uterine anomalies (8.0%), when compared with the unselected population, regardless of whether the diagnosis was made using optimal or suboptimal tests. This is in agreement with several other studies that have not shown an increased frequency of uterine anomalies in women known to have infertility ([@DMR028C3]; [@DMR028C51]; [@DMR028C108]). In contrast, [@DMR028C123] suggested that congenital anomalies might negatively influence the complex processes of embryo implantation. [@DMR028C84] reported a prevalence of 3.5% in women with infertility, which was 21 times more than the incidence of uterine anomalies in women with normal fertility but did not consider the reliability of the diagnostic tests used.

Canalization defect is the most common uterine anomaly in optimal tests in women with infertility (3.0%). This prevalence is comparable to the unselected population and in accordance with the findings of [@DMR028C60] but lower than that suggested by [@DMR028C108]. [@DMR028C108], as previously discussed, considered hysteroscopy as a reliable and accurate test to identify canalization defects. They have also included women with miscarriage as part of their infertile population whom we have considered as separate subgroup(s). Our review shows that bicornuate uteri are more prevalent, and certainly not uncommon, in women with infertility (1.1%) compared with the unselected population (0.4%). This finding is in agreement with [@DMR028C108] and [@DMR028C99] and suggests a possible association between the bicornuate uterus and implantation.

Women with miscarriage {#s4h}
----------------------

The estimated prevalence of uterine anomalies diagnosed by optimal tests in the population of women with miscarriage is 13.3%, which is consistent with the literature ([@DMR028C99]; [@DMR028C51]; [@DMR028C108]).

We appreciate that the different studies included used different inclusion criteria. We have included all studies that investigated women with miscarriage regardless of the pattern or number of miscarriages. However, most studies did not provide clear data as to whether miscarriage occurred during the first or second trimester, and the studies differ in the pattern of miscarriage, including consecutive and non-consecutive miscarriage, and in the number of previous miscarriages. It is important to note that most of the studies included in this current review investigated women with two or more miscarriages ([@DMR028C99]; [@DMR028C136]; [@DMR028C52], [@DMR028C53]; [@DMR028C33]; [@DMR028C46]; [@DMR028C16]; [@DMR028C109]) and the results are not, therefore, necessarily directly applicable to women with a single previous miscarriage or those with a previous live birth (a factor that could not be assessed as it was not reported as a separate group by any author). The prevalence of congenital uterine anomalies in women with two or more miscarriages appears to be similar to those with three or more miscarriages, regardless of the diagnostic test used. This is supported by [@DMR028C136] and [@DMR028C108] and suggests that women with a history of two miscarriages may warrant an investigation to exclude a congenital uterine anomaly.

The observed prevalence of arcuate uteri in the miscarriage population is similar to findings for the unselected population. The prevalence of canalization defects in this population is significantly higher than in the unselected population, which supports a contributory relationship between canalization anomalies and miscarriage. This finding is supported by previous studies ([@DMR028C1]; [@DMR028C137]; [@DMR028C114]).

The exact aetiology and pathophysiological processes of how canalization defects may lead to miscarriage remain uncertain. It has been suggested that the endometrium overlying the septum is abnormal or at least suboptimal and this makes it a poor site for implantation ([@DMR028C24]; [@DMR028C32]; [@DMR028C42]). Therefore, embryos that do implant on the septum are more likely to miscarry as a result of this, possibly because the septum has a disorderly and decreased blood supply, which is insufficient to support subsequent placentation and embryo growth ([@DMR028C24]; [@DMR028C99]; [@DMR028C71]; [@DMR028C60]; [@DMR028C65]; [@DMR028C73]; [@DMR028C96]). These hypotheses remain to be proven and there is evidence to contradict these theories ([@DMR028C90]; [@DMR028C32]; [@DMR028C65]). [@DMR028C32] have found significantly more blood vessles in biopsy samples of the uterine septum, and [@DMR028C65] found that patients with vascularized septum had significantly higher prevalence of early pregnancy failure and late pregnancy complications than those with avascularized septa ([@DMR028C32]; [@DMR028C65]). Other authors have suggested that miscarriage may result from higher or uncoordinated uterine contractions ([@DMR028C102]; [@DMR028C90]; [@DMR028C32]; [@DMR028C65]; [@DMR028C120]) or a reduced uterine capacity ([@DMR028C40]; [@DMR028C94]).

Women with infertility and/or miscarriage {#s4i}
-----------------------------------------

This population of women was found to have significantly higher (24.5%) prevalence of uterine anomalies overall compared with the unselected population. In keeping with the other high-risk groups, the most commonly seen anomaly is the canalization defect, which is significantly more prevalent (15.4%) in this population than in the unselected population (2.3%). It is difficult to know if the higher prevalence is related to the presence of women with pure recurrent miscarriage or as a result of the inclusion of women who suffered from both infertility and recurrent miscarriage: it was not possible to separate these two populations to obtain prevalence information as these studies did not provide such individual data. Previous reviews have included these studies in their infertile or recurrent miscarriage populations ([@DMR028C84]; [@DMR028C51]; [@DMR028C109]) but, in our opinion, these women have two potentially clinically distinct problems and should not be included in these groups.

Distribution of congenital uterine anomalies {#s4j}
--------------------------------------------

Based only on studies employing optimal tests, the most commonly diagnosed uterine anomaly in the unselected or general population is the arcuate uterus. The arcuate uterus is, however, no more prevalent in any of the high-risk groups studied than in the unselected population. Unification defects (bicornuate and unicornuate uteri and uterus didelphys) are generally more prevalent in all of the high-risk groups as are defects of canalization (septate or subseptate). It is important to note, however, that some canalization defects may have been diagnosed as arcuate uteri and vice versa, and equally some septate uteri, particularly those with a large septum extending to the cervix, may have been misdiagnosed as bicornuate uteri even with the use of optimal tests.

Implications for future research {#s4k}
--------------------------------

Historically, and still today, many authors considered the combination of laparoscopy or laparotomy with hysteroscopy or HSG to be the gold standard for the diagnosis and differentiation of congenital uterine anomalies ([@DMR028C3]; [@DMR028C54]; [@DMR028C60]). The final diagnosis is, however, based on the subjective impression of the clinician performing the test, and in many cases, simultaneous views of the external contour of the uterus and upper cavity are not achieved. Because of these limitations and because the combined approach is also invasive and usually requires general anaesthesia, we feel that three-dimensional ultrasound, a highly accurate yet non-invasive test, has the potential to emerge as the reference standard for the identification and differentiation of congenital uterine anomalies. Reports have shown that three-dimensional ultrasound scan has high sensitivity and specificity, as high as 100% in diagnosing uterine anomalies ([@DMR028C26]; [@DMR028C90]; [@DMR028C34]; [@DMR028C108]). In addition, they offer the ability to assess the abdomen simultaneously, which is potentially important owing to increased frequency of renal anomalies in patients with uterine anomalies ([@DMR028C44]; [@DMR028C72]; [@DMR028C9]). Three-dimensional ultrasound is preferred by some clinicians who use it as a standard to diagnose congenital uterine anomalies over MRI ([@DMR028C66]; [@DMR028C34]) as MRI is more time-consuming and expensive than ultrasound scanning. [@DMR028C106] have proposed a modified classification for three-dimensional ultrasound, in which the diagnostic criteria used were more detailed than previously described and they included cut-offs levels for the fundal shape and distortion ([@DMR028C106]). These cut-offs were necessary to differentiate uterine anomalies with similar morphological features, such as subseptate and arcuate uteri. In the future, the [@DMR028C106] classification should be used as a standard to describe uterine anomalies.

Besides that, there are many different tests available for the diagnosis and differentiation of uterine anomalies. A well-designed study of test accuracy is required to determine the best investigation for diagnosis of uterine anomaly.

The results and analyses of our review were hindered by the retrospective reporting, and heterogeneity of the patient population, diagnostic tests, and classification systems applied. In view of this, future studies should be performed prospectively. Studies should also critically consider the population being studied and diagnostic test used.

Some studies have reported associations between congenital uterine anomalies and poor reproductive outcomes ([@DMR028C1]; [@DMR028C141]; [@DMR028C140]). However, further large observational and prospective studies are essential to investigate the reproductive impact of different subtypes of congenital uterine anomalies. Studies are required to assess the management of women with uterine anomalies as treatments, such as hysteroscopic resection of the uterine septum, which have been suggested to improve the reproductive outcomes in these patients ([@DMR028C79]; [@DMR028C57]; [@DMR028C132]), are not without risk and involve irreversible damage to the endometrium which must be transected to access the myometrium. While some observational studies have reported an improved outcome following surgical intervention ([@DMR028C60]; [@DMR028C123]), there is a need to conduct randomized controlled trials to address the effectiveness and safety of such treatment.

Conclusion {#s5}
==========

In this review, we found that the prevalence of uterine anomalies diagnosed by optimal tests was 5.5% in an unselected population, 8% in infertile women, 13.3% in those with miscarriage and highest at 24.5% in infertile women who also had a history of miscarriage. The higher rate of major congenital uterine anomalies in these high-risk groups, with the exception of isolated subfertility, suggests a causal role in poor reproductive outcome. The most commonly encountered anomaly varies according to the population studied with the arcuate uterus being more prevalent in an unselected group of women and the canalization defect being the most common anomaly in all of the high-risk groups. The high prevalence of canalization defects in high-risk populations should not be underestimated. The role of septal resection in these women deserves further investigation.
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[Supplementary data are available at http://humupd.oxfordjournals.org/](http://humupd.oxfordjournals.org/cgi/content/full/dmr028/DC1).
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###### Supplementary Data

[^1]: No appropriate study investigating the prevalence of uterine anomalies in women with preterm deliveries was identified.

[^2]: Optimal diagnostic tests: three-dimensional transvaginal ultrasound, laparoscopy or laparotomy with hysteroscopy or HSG, MRI, and saline sonohysterography.

[^3]: Suboptimal diagnostic tests: two-dimensional transvaginal ultrasound, hysteroscopy, HSG and clinical assessment at the time of Caesarean section.

[^4]: Studies with women undergoing IVF (three studies) were included in the infertile group.

[^5]: \* *P \<*0.05, differences are statistically significant when compared with an unselected population. Comparisons were made using meta-regression.

[^6]: CI, confidence interval.
